DESCRIPTION
TITLE OF INVENTION:

VEHICLE CONTROL DEVICE, VEHICLE CONTROL METHOD ANOPROGRAM

TECHNICAL FIELD
[0001]
The present invention relates to a vehicle cordedice, a vehicle control
method, and a program.
The present application claims the benefit of fityaon Japanese Patent
Application No. 2017-33292 filed on February 24120the subject matter of which is

incorporated herein by reference.

BACKGROUND ART
[0002]

According to train signal system standards (IEEE4it is required to
calculate allowable velocity at which vehicles shidoe necessarily stopped in a
vehicle-running permitted interval of distance ansideration of stoppage delays in
acceleration controls of motors, braking delaysl tiack gradients. The IEEE1474
stipulates the worst-case scenario as a phenomemwdmich vehicles may undergo the
maximum braking distances according to poweringgpas, coasting patterns, and
braking conditions due to stoppage delays in acatbta controls and braking-start

delays. As the related art, Patent Document lbeamentioned.
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[0003]

Patent Document 1: Japanese Patent No. 53917342

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0004]

To control vehicles such as trains running aloagKs, it is necessary to
control vehicles to stop within vehicle-running peétted intervals of distance in the
worst-case scenario of the IEEE1474.

[0005]
The present invention aims to provide a vehicletia device, a vehicle

control method, and a program, which can solveati/e problem.

SOLUTION TO PROBLEM
[0006]

According to a first aspect of the invention, &iete control device includes
an allowable velocity pattern calculation part e¢gafed to calculate a powering
pattern representing the velocity of a vehicleaheposition of a powering interval in
a braking delay period between the timing at whiehvehicle exceeds allowable
velocity and the braking timing at which the vehistarts to brake, and a coasting
pattern representing the velocity of the vehicleath position of a coasting interval
subsequent to the powering interval in the brakielgy period after calculating a
braking pattern representing the velocity of thiiole in a braking interval, which is a
running interval subsequent to the coasting inteamd which occurs between the

position of the vehicle at the braking timing ahd target position for controlling the



vehicle to run at predetermined velocity or les$he allowable velocity pattern
calculation part uses an acceleration charactedggpending on the velocity of the
vehicle when calculating at least the poweringgratt

[0007]

In the vehicle control device, the allowable vélpcalculation part uses the
acceleration characteristic depending on the vlagithe vehicle when calculating at
least one of the coasting pattern and the brakattgm.

[0008]

In the vehicle control device, when the start pointhe powering pattern
precedes to the current position of the vehicle,atowable velocity pattern
calculation part carries out iterative calculatibmgalculate the switching position
between the coasting pattern and the braking pa#ted the velocity of the vehicle at
the switching position as well as the switchingippos between the powering pattern
and the coasting pattern and the velocity of tHaoke at the switching position based
on the prescribed coasting period of the coastiteyval and the prescribed
acceleration of the vehicle in the prescribed anggteriod as well as the prescribed
powering period of the powering interval and thegaribed acceleration of the vehicle
depending on its velocity in the prescribed powgperiod.

[0009]

In the vehicle control device, the allowable véippattern calculation part
calculates the powering interval and the coastimgrval based on the assumed
velocity of the vehicle at the current position n@ssuming that the braking pattern
continues from the current position of the vehiztdore the braking pattern, wherein
the allowable velocity pattern calculation partccédtes the switching position

between the coasting pattern and the braking pasted the velocity of the vehicle at



the switching position as well as the switchingippos between the powering pattern
and the coasting pattern and the velocity of tHeole at the switching position, and
the velocity at the current position based on theering interval and the coasting
interval.

[0010]

In the vehicle control device, the allowable véippattern calculation part
may calculate the allowable velocity based on &tudke at the current position and an
altitude at the target position.

[0011]

In the vehicle control device, the allowable véippattern calculation part
may use the acceleration characteristic dependirngeweight of the vehicle.
[0012]

According to a second aspect of the inventiorglaicle control method
includes: calculating by an allowable velocity pattcalculation part of a vehicle
control device a powering pattern representingviriecity of a vehicle at each
position of a powering interval in a braking defasriod between the timing at which
the vehicle exceeds allowable velocity and the ingkiming at which the vehicle
starts to brake, and a coasting pattern repreggtitenvelocity of the vehicle at each
position of a coasting interval subsequent to thwgring interval due to in the
braking delay period after calculating a brakinttgra representing the velocity of the
vehicle in a braking interval, which is a runnimgarval subsequent to the coasting
interval and which occurs between the positiorhef\tehicle at the braking timing and
the target position for controlling the vehiclertm at predetermined velocity or less,
wherein the allowable velocity pattern calculatpart uses an acceleration

characteristic depending on the velocity of theiglehwhen calculating at least the



powering pattern.
[0013]

According to a third aspect of the invention, agram causes a computer of a
vehicle control device to function as an allowalméocity pattern calculation means
configured to calculate a powering pattern représgrihe velocity of a vehicle at
each position of a powering interval in a brakireday period between the timing at
which the vehicle exceeds allowable velocity arallihaking timing at which the
vehicle starts to brake, and a coasting patterresgmting the velocity of the vehicle at
each position of a coasting interval subsequettiggowering interval in the braking
delay period after calculating a braking pattepresenting the velocity of the vehicle
in a braking interval, which is a running intergalbsequent to the coasting interval
and which occurs between the position of the vehatithe braking timing and the
target position for controlling the vehicle to rahpredetermined velocity or less,
wherein an acceleration characteristic dependinthervelocity of the vehicle is used

to calculate at least the powering pattern.

ADVANTAGEOUS EFFECTS OF INVENTION
[0014]
According to the present invention, it is possitdgrovide a vehicle control
device configured to accurately calculate the adlble velocity and configured to
control a vehicle to stop within a vehicle-runnipgrmitted interval of distance in the

worst-case scenario of the IEEE1474.

BRIEF DESCRIPTION OF DRAWINGS

[0015]



Fig. 1 is a schematic diagram showing a vehiclgrob system equipped with
a vehicle control device according to the first ediiment.

Fig. 2 is a graphic diagram showing velocity paiseaccording to the position
of a train according to the first embodiment.

Fig. 3 is a block diagram showing the hardwarefigomation of the vehicle
control device according to the first embodiment.

Fig. 4 is a block diagram showing the functiortted vehicle control device
according to the first embodiment.

Fig. 5 is a flowchart showing the processes ofviitgcle control device
according to the first embodiment.

Fig. 6 is a graphic diagram showing a velocitytgrat calculated by the
vehicle control device according to the first emiboeht.

Fig. 7 is a graphic diagram showing a velocitytgrat calculated by the

second embodiment.

DESCRIPTION OF EMBODIMENTS

[0016] <First Embodiment>

Hereinafter, a vehicle control device accordinghie first embodiment of the
present invention will be described with referetmé¢he drawings.

Fig. 1 is a schematic diagram showing a vehictgrob system equipped with
a vehicle control device according to the first eaiment.

As shown in this drawing, a vehicle control syste®d includes a train 10
and a vehicle control device 1 installed in thentte0. The vehicle control device 1
carries out a train-velocity control to inhibit ttrain 10 from passing over the

running-limit position (i.e. the boundary of anental of distance allowing the train to



run), which is instructed by an upper device. dditon, the vehicle control device 1
carries out a velocity control to decelerate tlaentd 0 to be under a predetermined
limit velocity at the target position accordingao instruction from the upper device.
[0017]

Fig. 2 is a graphic diagram showing velocity paisedepending on the
position of the train 10.

Fig. 2 shows a velocity pattern 21 in which tharrlO is not subjected to a
powering pattern, and a worst pattern 22 stipulatethe worst-case scenario of the
IEEE1474. The velocity pattern 21 shows changeslufcities at various points in
which the train 10 is not controlled to brake & fgosition ¥, and then the train 10
coasts in a coasting interval 211 in a brakingyekriod until the braking timing. In
addition, the velocity pattern 21 shows a brakimgival 212, subsequent to the
coasting interval 211, in which the train 10 is ttoled to brake and to decrease its
velocity. On the other hand, the worst patterrs@ws changes of velocities at
various points in which the train 10 is acceleratedxceed the allowable velocity at
the position ¥, and then the train 10 runs at velocity dependimgs position in a
braking delay period until the braking timing. Tierst pattern 22 shows changes of
velocities at various points in a powering inter2al in which the train 10 is
continuously accelerated to increase its velocitthe braking delay period, and in a
coasting interval 222. Herein, the degree of daedibon in a braking interval 223 of
the worst pattern 22 is similar to the degree afetiration in the braking period 212
of the velocity pattern 21. The velocity pattefdndiffers from the worst pattern 22
as shown in Fig. 2 such that the stoppage posttidhe train 10 may be put off by a
distance D when the train 10 runs at the limit e&loin an extension of the powering

interval not allowing for stoppage of acceleratioriEven in the worst pattern 22, the



vehicle control device 1 is required to stop tteentrlO or to decelerate its velocity to
the predetermined velocity at the target positiochsas the running limit position.
[0018]

Fig. 3 is a block diagram showing the hardwarefigomation of the vehicle
control device 1.

As shown in Fig. 3, the vehicle control devices Tonfigured of a computer
including a CPU (Central Processing Unit) 101, aMR@ead-Only Memory) 102, a
RAM (Random-Access Memory) 103, and a signal I/QGloie 104. The signal 1/0
module 104 receives from another device the preaéted information such as the
position information used for the processing of ¥kaicle control device 1. The
vehicle control device 1 calculates acceleraticadusr processing based on the
received information and the altitude in accordanith the stored data of a ROM or
else.

[0019]

Fig. 4 is a functional block diagram of the vehicbntrol device 1 according
to the first embodiment.

In the vehicle control device 1, the CPU 101 exesprograms stored therein
in advance to thereby achieve the functions rejattina controller 101 and an
allowable velocity pattern calculation part 112.

The controller 111 controls the processing ofwékicle control device 1.

The allowable velocity pattern calculation par Xhlculates a powering
pattern representing the velocity of the train L@saposition in the powering interval
221, a coasting pattern representing the velodithetrain 10 at its position in the
coasting interval 222, and a braking pattern repésg the velocity of the train 10 at

its position in the braking interval 223. The allble velocity pattern calculation



part 112 uses acceleration characteristics (outuniparacteristics depending on
rotational speed of a motor) dependent on the uglot the train 10 in order to
calculate at least the powering pattern. In addijtthe allowable velocity pattern
calculation part 112 may use acceleration chansties dependent on the velocity of
the train 10 in order to calculate at least onghefcoasting pattern and the braking
pattern. The allowable velocity patter calculatpant 112 may calculate the velocity
at each position in each velocity pattern usingelation depending on track
gradients. Alternatively, the allowable velocitgtiern calculation part 112 may
calculate the velocity at each position in eacloe®y pattern using the altitude at the
current position or the target position of a vehicistead of track gradients.
[0020]

Fig. 5 is a flowchart showing the flow of processé the vehicle control
device 1 according to the first embodiment.

Fig. 6 is a graphic diagram showing the velociytern calculated by the
vehicle control device 1 according to the first emdiment.

Next, the flow of processes of the vehicle contieVice 1 will be described
with reference to Figs. 5 and 6.

In the following descriptions, X0 denotes the eatrposition of the train 10.
Herein, the unit of velocity is “km/h (kilo-meteephour)”, the unit of acceleration is
“km/h/s”, the unit of length is “m (meter)”, andehunit of time is “s (second)”.
[0021]

The controller 111 sends to the allowable velopd#gtern calculation part 112
an instruction to start calculating an allowabléoeéy pattern configured to control
the train 10 to run at the predetermined velocitiess at the target position. In the

present embodiment, the allowable velocity pattalculation part 112 calculates the



10

allowable velocity at a current positiog i order to control the train 10 to run at
predetermined target velocity ®r less at a target positioa.x
[0022]

At the position x0 at which the train 10 is accated, a powering interval
may occur between the current positigr&and a positionx a coasting interval may
occur between the position &nd a position x and a braking interval may occur
between the positiomand the positiong The running pattern of the train 10 that is
controlled to brake during acceleration represgntilocity patterns at various points
of the train 10 consists of a powering pattern egponding to the powering interval, a
coasting pattern corresponding to the coastingvateand a braking pattern
corresponding to the braking interval.

[0023]

The powering pattern is a pattern representingéhecity of the train 10
depending on its position in the powering intefingbart of a braking delay period
ranging from the current timing at the current fosixg to the braking timing to
actually start braking.

The coasting pattern is a pattern representingeteity of the train 10
depending on its position in the coasting intestdsequent to the powering interval
in another part of the braking delay period.

The braking pattern is a pattern representing/ébecity of the train 10 in the
braking interval ranging from the position of thaih 10 at the braking timing to the
target position x at which the train 10 is controlled to run at gredetermined limit
velocity or less.

[0024]

It is assumed that the braking distance may beaomeémum due to the
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powering condition, the coasting condition, and liheking condition in the worst-case
scenario of the standard (IEEE1474).
[0025]

In the following descriptions,exdenotes the target position to control the train
10 to run at the predetermined limit velocity v. denotes the limit velocity at the
target position  and x denotes the switching position at which the coaspattern
is switched to the braking pattern. In this cd&sgyation (1) expresses the velocity v
at the switching position,xepresenting the switching from the coasting patte the
braking pattern. In Equation (13y denotes deceleration in the braking pattern.
When the limit velocity v>0, it is possible to obtain a velocity-pattern agon in
which the limit velocity at the target positioa s not equal to zero (stoppage) but the
predetermined velocity (>0). In Equation (1), afenotes an altitude at the position
X, and g denotes acceleration of gravity. In Equafl), x denotes a distance from
the position ¥ to the target positiongx

[0026] [Equation 1]

v, = JULZ + 7.2{ﬁ0x5 + g(a(xE) - a(xz))} .. (1)

[0027]

In addition, x denotes the switching position for switching frtme powering
pattern to the coasting pattern, andlgnotes the velocity of the train 10 at the
switching position x  In this case, the velocity and the positionxcan be
expressed by Equations (2) and (3) as follows.

[0028] [Equation 2]
v, =V, — fOTC ac(x(t))dt’ .. (2

[0029] [Equation 3]
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X =X, + [—UZTC + fOTC {fot/ac(x(t /ﬁ)dt"} dt’] /3.6 .. (3)
[0030]

In Equations (2) and (3),cOenotes the maximum time of coasting a train,
which is already known. In addition, x(t) denotiee position of a train preceding by
time t the switching positiona¥or switching from the coasting pattern to thelking
pattern. Moreover, k(x) denotes a gradient ratia vack L at the position x. The
gradient ratio has a positive value in the downwaodion of a track. For example,
k(x)=0.1 denotes a gradient ratio of a track whdelscends down by one meter in a
distance of one-hundred meters. Acceleratigft) at the position x can be
expressed ax(x)=k(x)g+as". Herein,os denotes acceleration due to a factor for
increasing the braking distance such as tailwind.

[0031]

It is possible to express a positiof for starting the powering pattern and

velocity w' of the train 10 at the position»by Equations (4) and (5) as follows.

[0032] [Equation 4]

vy =1, — fOTrar(x(t’),v(tD)dt’ o (4)
[0033] [Equation 5]
Xo =X, + [—vlTr + foTr {fot’ar(x(t ), v(t ”))dt”} dt’] /3.6 ... (5)

[0034]

In this connectionq(v) denotes the acceleration of the train 10 atrquie
produced by a motor dependent on rotational spegdsponding to the velocity v,
wherein acceleratioa,(x, v) representing the acceleration of the trdiraf the
position x and at the velocity v can be expressethgx,v) =am(v)+k(x)g”. To
realize (%,v1) at the switching position between the powerintigza and the coasting

pattern after accelerating the train 10 for timgifTis necessary to reach and x' at



13

the position ¥.  In Equations (4) and (5), x(t) and v(t) dendte position and the
velocity of the train 10 at the timing precedingtbye t the switching position; x
between the powering pattern and the coastingrpatte

[0035]

The allowable velocity pattern calculation par Eets an arbitrary position
X2 (step S101). Subsequently, velocityat the arbitrary positionyxs calculated by
Equation (1) (step S102). Using the velocitythe position ¥ Equations (2) and (3),
the allowable velocity pattern calculation part Xh2culates the switching position x
between the powering patter and the coasting padted the velocity vat the position
X1 (step S103).

[0036]

Using the position xand the velocity ¥ the allowable velocity pattern
calculation part 112 calculates the positighand the velocity ¢ by Equations (4)
and (5) (step S104).

[0037]

Upon arbitrarily setting the position,xhe allowable velocity pattern
calculation part 112 calculates the positighrglative to the positionpand then
determines whetherxis equal to zero or more (step S105). The alldevabélocity
pattern calculation part 112 determines whetheisxequal to a predetermined value
or more (step S106), wherein whesis equal to a predetermined value or more, it is
possible to repeat the foregoing steps followiregps$102 by subtracting a
predetermined valug from the arbitrarily-set value of the position(step S107). It
is possible to set the positiopto approach the position By subtracting a
predetermined valug from the arbitrarily-set value of the position x The condition

in which x' calculated relatively togdés equal to zero or more while the decision of
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step S106 is “NO” indicates the condition in whible allowable velocity pattern
calculation part 112 calculates the positighof the train 10 to be identical to the
position % or to be close to the position,>and therefore it is possible to determine an
allowable velocity pattern using various valuesukdted by Equations (1) through (5)
(step S108). The allowable velocity pattern magkgressed as the information
represented by the foregoing equations for the poweattern, the coasting pattern,
and the braking pattern as well as the positgmand the velocity ¢ at the position ,
the position x and the velocity vat the position ¥ the position xand the velocity ¥
at the position x the position x and the velocity vat the position x  The controller
111 outputs a braking instruction upon determirihrag the velocity of the train 10
exceeds the foregoing velocities at various pdiatsed on the allowable velocity
pattern.
[0038]

When the value of the positiog' xcalculated relatively to the positiop is
less than zero, the allowable velocity patternakion part 112 may calculate the
position %' as a previously-running position preceding toghbsition %, at which the
train 10 run in the past. Hence, it is impossiblealculate an allowable velocity
pattern subsequent to the positieruging the values calculated by Equations (1)
through (5). For this reason, the present embanlinisedesigned to repeat the
foregoing steps by adding the predetermined valtethe arbitrarily-set value of the
position % (step S109), and therefore it is possible foral@wvable velocity pattern
calculation part 112 to calculate an allowable g#jopattern using the values
calculated by Equations (1) through (5) at theteaby position x where the value of
the position ¥ relative to the positionpbecomes equal to zero or more. By adding

the predetermined valyeto the arbitrarily-set value of the positiop i is possible to
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set the position xto leave from the positiorpx In this connection, it is possible to
set an optimum value as the positigrwhen the value of the positiog’ xelative to
the position . Even when the value of the positiaf calculated relatively to the
position % becomes more than zero, it is possible to calewatallowable velocity
pattern in which the train 10 can be stopped atalget position x or the train 10 can
be decelerated to the limit velocity or less attdrget position x hence, no problem
may occur in safety.

[0039]

The foregoing processes of the allowable velocéigyn calculation part 112
may determine equations of acceleration dependinthy@ velocity of the train 10 in
consideration of torque characteristics dependembtational speed of a motor (train
velocity) in the powering pattern alone. Alternaty, it is possible to determine
equations of acceleration depending on the veladitye train 10 in the braking
pattern and the coasting pattern as well.

[0040]

The following descriptions refer to calculationsngstorque characteristics
dependent on rotational speed of a motor in thkibggpattern. Using deceleration
Bm(v) of the train 10 corresponding to the decelagtbrque which can be produced
by a motor, it is possible to express decelerdbipat (position, velocity)=(x,v) as
“Bu(Xx,V)=Bm(V)-k(x)g-as”. At this time, it is possible to express théoeity v2 at
the braking-pattern starting position x2 and thsifan x2 by Equations (6) and (7) as
follows.

[0041] [Equation 6]

v, =V, + fot,Bb(x(t’),v(t’))dt’ ... (6)

[0042] [Equation 7]



16

X, = xg + [—th —J, {fot'ﬁb(x(t”),v(t”))dt”} dt/] /36 ..(7)
[0043]

Equations (6) and (7) represent the braking pattsmg a parameter as the
time t at which the train 10 reaches the positian XJpon assuming the time t, it is
possible to set the switching positionbetween the coasting pattern and the braking
pattern using Equations (6) and (7) by assumingthieaposition x of the train 10 at
the time t would be equivalent to the switchingipos between the coasting pattern
and the braking pattern.

[0044]

The following descriptions refer to calculatiorsng torque characteristics
dependent on rotational speed of a motor in thetogg@pattern. Using deceleration
Bn(v) of the train 10 corresponding to the decelemtbrque of a motor, it is possible
to express the acceleration at (position, velosityV) as o ¢(X,v)=k(x)g+as—n(Vv)".

At this time, it is possible to calculate the coagtpattern by Equations (8) and (9) as
follows.
[0045] [Equation 8]
v, =V, — fOTC a.(x(t),v(t))dt” ... (8)
[0046] [Equation 9]
X, =X, + [—UZTC + fOTC {fot/ac(x(t’ﬁ,v(t’ﬁ)dt”} dt1 /3.6 ...(9)
[0047]

According to the processes of the allowable veyogpéttern calculation part
112, it is possible to prevent the over-evaluatba braking distance and the
under-estimation of allowable velocity by use oftoracharacteristics for reducing
torque (corresponding to acceleration of a vehiateg higher rotational speed of a

motor (corresponding to high speed of the train 10)
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[0048]

According to the above processes, the vehiclerobdevice 1 calculates the
powering pattern, the coasting pattern, and thkibggpattern using a torque
depending on rotational speed (train speed) aneleration caused by the torque, and
therefore it calculates the allowable velocity leé train 10 at each point.

Accordingly, it is possible to control the train &6cording to the allowable velocity
pattern using motor characteristics for reducirigrgue (or acceleration of a vehicle)
produced by the train 10 at a high-velocity comatitdue to a high rotational speed of a
motor. Under the above control, it is possibl@itevent the vehicle control device 1
from controlling the train 10 upon underestimatihg allowable velocity.

[0049] <Second Embodiment>

Fig. 7 is a graphic diagram showing an allowatdeity pattern calculated
by a vehicle control device according to the secaméodiment.

In the first embodiment, the vehicle control devicchanges the value of the
position % upon determining whether the value of the posikgrcalculated by
Equation (5) becomes equal to zero or more, anefiie it calculates the position x
corresponding to the value of the positighequal to zero or more, and the positign x
According to the above calculations, however, tl@able velocity pattern
calculation part 112 needs to carry out iterati@ieglations, and therefore it may take
a long time to calculate the allowable velocitytpat up to the target positior kased
on the position x  For this reason, the second embodiment refefsetonethod as to
how the allowable velocity pattern calculation pbk® can calculate an allowable
velocity pattern in a short time.

[0050]

In the second embodiment, the allowable velocitiigrn calculation part 112
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calculates the velocity limit with respect to thenering interval and the coasting
interval and thereby calculates the length of eatdrval based on the velocity limit.
In this connection, it is possible to calculate fgregth of each interval using the
velocity limit since prescribed values can be usegepresent the powering interval,
which may occur due to a shutdown delay of powetirggtrain 10, and the coasting
interval which occurs due to a braking delay. He second embodiment, the
allowable velocity pattern calculation part 11Z@nfigured to calculate an allowable
velocity pattern by equations using altitude diieces rather than track gradients.
the following descriptions, the unit of velocity[len/h]; the unit of acceleration is
[km/h/s]; the unit of length is [m]; and the unittame is [s].

[0051]

Specifically, the allowable velocity pattern cdhtion part 112 calculates
assumed upper-limit velocitys\at the current positionypreceding to the position x
at the braking timing in the braking pattern by Efjon (10) In Equation (100
denotes deceleration; a(x) denotes an altitudeeapdsition x; and g denotes the
acceleration of gravity.

[0052] [Equation 10]

vg = \]vLZ + 7.2{,[)’0955 + g(a(xE) - a(O))} ... (10)

[0053]

The allowable velocity pattern calculation parR Kkts the velocity limit for
the powering pattern and the coasting patternegaigiper-limit velocity y calculated
by Equation (10), and then it calculates an uppeit-ialue % of the
powering-interval length and an upper-limit valueokthe coasting-interval length.

In this connection, the upper-limit valugof the coasting-interval length can be

In
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expressed as xvg X T¢+3.6”. Herein, T denotes a coasting time. The upper-limit
value x of the powering-interval length can be expressetkavg X T,+3.6”. Herein,
T, denotes a powering time. The coasting tipard the powering time, &re
prescribed values.
[0054]

The allowable velocity pattern calculation pattéfr? calculates the velocity
v, at which the coasting interval is terminated almiftesd to the braking interval by
Equation (11).

[0055] [Equation 11]

v, = \]vBZ —7.2{Bo(xy + x) + g(a(x, + x.) —a(0))} ... (11)

[0056]

Next, the allowable velocity pattern calculatiaripll2 calculates the
velocity v at which the powering interval is terminated ahidted to the coasting
interval by Equation (12). In Equation (1B), denotes acceleration due to an
influence of wind.

[0057] [Equation 12]

v = \]vzz —7.2{Buwx. — g(alx, + x.) —a(x,))} ... (12)

[0058]
Subsequently, the allowable velocity pattern dalton part 112 calculates
the velocity y at the current positionyof the train 10 by Equation (13).

[0059] [Equation 13]

Vo = \/vlz - 7-2{(ar(v1 - amaxTr) + lgw)xr - g(a(xr) - a(O))} (13)
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[0060]

In Equation (13)a,(v) denote the maximum acceleration which occutbet
velocity v according to motor characteristics. Haquation (13)0max denotes the
maximum acceleration which may occur along a tader an influence of track
gradients. In Equation (13), i*vamaxT,” represents the minimum velocity which
may occur when the time €lapses from the timing of the velocity while
“or(vi—amaxdT ¢’ represents the maximum acceleration which caprbduced by a
motor of the train 10 in the powering timesubsequent to the timing of the velocity
vi. Herein, an acceleration may not be increased ed&n a velocity is increased
due to motor characteristics.

[0061]

According to the above processes, the present @mieat is designed to
calculate the assumed upper-limit velocigyand to thereby calculate the velocityat
the current positiongxof the train 10 using the upper-limit valueak the
powering-interval length and the upper-limit vakeof the coasting-interval length
based on the upper-limit velocitg.v Accordingly, it is possible to calculate an
allowable velocity pattern in a short time with@atrrying out iterative calculations.
[0062] <Third Embodiment>

Both the first and second embodiments do not rsecig consider the weight
of a vehicle when calculating acceleration which ba produced by a motor of the
train 10. The third embodiment differs from otleenbodiments in that it uses
deceleration considering the weight of the train 10
[0063]

Upon determining velocity, it is possible to uncatly determine tractive

force which can be produced by a motor of the ti#in On the other hand,
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acceleration may depend on the weight of the tt@ias well. Assuming an empty
condition of a vehicle, it is possible to produck@er value of acceleration and to
thereby calculate an allowable velocity patterneldasn the acceleration, however, the
allowable velocity pattern may cause an excessdeation of the allowable velocity
by an increase of acceleration. For this reas@ncontroller 111 of the vehicle
control device 1 is configured to detect tractivecé F generated by a motor. In
addition, the controller 111 measures acceleratiovhich actually occurs in the train
10. The controller 111 estimates a train weighbgnan equation of “g¥Fa”.

Using the estimated train weight,nthe controller 111 calculates the maximum
acceleratiorna produced by a motor by an equation afa=Fmacme’.  Herein,
Fmax denotes the maximum tractive force produced by®nof the train 10. The
allowable velocity pattern calculation part 112ccddites the braking pattern, the
coasting pattern, and the powering pattern usiegribximum acceleratiomyay,

which is calculated by the controller 111 accordinghe processes of the first and
second embodiments.

[0064]

According to the third embodiment, it is possitierevent an excessive
reduction of the allowable velocity.
[0065]

The foregoing embodiments refer to trains as amgte of vehicles, wherein
trains may include a vehicle to be controlled byCAJAutomatic Train Control). In
addition, the above technology may be applied hewotypes of vehicles such as
automobiles except for trains.

[0066]

The vehicle control device 1 includes a compuystesn. Programs causing
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the vehicle control device 1 to carry out the faieg processes are stored on
computer-readable storage media installed in tihécieecontrol device 1. That is, it
is possible to carry out the foregoing processethbwehicle control device 1 with a
computer configured to read and execute those anogir Herein, the term
“computer-readable storage media” may refer to reaigmlisks, magneto-optic disks,
CD-ROM, DVD-ROM, and semiconductor memory. In dmbofi, it is possible to
deliver computer programs to a computer throughroamcation lines, whereby the
computer may receive and execute computer programs.
[0067]

The foregoing programs may achieve part of thegoing functions of the
processing parts. In addition, the foregoing paogg may be differential files (or
differential programs) which can be combined wita-mstalled programs of a

computer system to achieve the foregoing functions.

INDUSTRIAL APPLICABILITY
[0068]
The present invention relates to a vehicle cordenlice, a vehicle control
method, and a program, which can accurately céakadowable velocities and which
can control vehicles to reliably stop in running+péted intervals of distance

according to the worst-case scenario of IEEE1474.

REFERENCE SIGNS LIST
[0069]
1 ... vehicle control device

10 ... train
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101 ...

102 ...

103 ...

104 ...

111 ...

112 ...
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211

212
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222
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vehicle control system
CPU

ROM

RAM

signal I/O module
controller

allowable velocity pattern calculation part

... velocity pattern of a train not implementingaered running

... coasting interval

... braking interval

... worst pattern

... powering interval
... coasting interval
... braking interval

track



24

CLAIMS

1. A vehicle control device comprising:

an allowable velocity pattern calculation part configured to calculate a powering
pattern representing velocity of a vehicle at each position of a powering interval in a braking
delay period between a timing at which the vehicle exceeds allowable velocity and a braking
timing at which the vehicle starts to brake, and a coasting pattern representing velocity of the
vehicle at each position of a coasting interval subsequent to the powering interval in the
braking delay period based on a braking pattern after calculating the braking pattern
representing velocity of the vehicle in a braking interval, which is a running interval
subsequent to the coasting interval and which occurs between a position of the vehicle at the
braking timing and a target position for controlling the vehicle to run at predetermined
velocity or less,

wherein the allowable velocity pattern calculation part uses an acceleration
characteristic of a motor depending on velocity of the vehicle when calculating at least the
powering pattern, which is the acceleration characteristic of the motor maintained or reduced

by a torque as a rotational speed of the motor becomes a higher rotational speed.

2. The vehicle control device according to claim 1, wherein the allowable velocity
calculation part uses the acceleration characteristic depending on the velocity of the vehicle

when calculating at least one of the coasting pattern and the braking pattern.

3. The vehicle control device according to claim 1 or 2, wherein, when a start point of
the powering pattern precedes to a current position of the vehicle, the allowable velocity

pattern calculation part carries out iterative calculations to calculate a switching position
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between the coasting pattern and the braking pattern and velocity of the vehicle at the
switching position as well as a switching position between the powering pattern and the
coasting pattern and velocity of the vehicle at the switching position based on a prescribed
coasting period of the coasting interval and prescribed acceleration of the vehicle in the
prescribed coasting period as well as a prescribed powering period of the powering interval
and prescribed acceleration of the vehicle depending on its velocity in the prescribed

powering period.

4. The vehicle control device according to claim 1 or 2, wherein the allowable velocity
pattern calculation part calculates the powering interval and the coasting interval based on
assumed velocity of the vehicle at the current position upon assuming that the braking pattern
continues from the current position of the vehicle before the braking pattern, and wherein the
allowable velocity pattern calculation part calculates the switching position between the
coasting pattern and the braking pattern and the velocity of the vehicle at the switching
position as well as the switching position between the powering pattern and the coasting
pattern and the velocity of the vehicle at the switching position, and the velocity at the current

position based on the powering interval and the coasting interval.

5. The vehicle control device according to claim 3 or 4, wherein the allowable velocity
pattern calculation part calculates the allowable velocity based on an altitude at the current

position and an altitude at the target position.

6. The vehicle control device according to any one of claims 1 to 5, wherein the
allowable velocity pattern calculation part uses the acceleration characteristic depending on a

weight of the vehicle.
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7. A vehicle control method comprising:

calculating by an allowable velocity pattern calculation part of a vehicle control
device a powering pattern representing velocity of a vehicle at each position of a powering
interval in a braking delay period between a timing at which the vehicle exceeds allowable
velocity and a braking timing at which the vehicle starts to brake, and a coasting pattern
representing velocity of the vehicle at each position of a coasting interval subsequent to the
powering interval in the braking delay period based on a braking pattern after calculating the
braking pattern representing velocity of the vehicle in a braking interval, which is a running
interval subsequent to the coasting interval and which occurs between a position of the
vehicle at the braking timing and a target position for controlling the vehicle to run at
predetermined velocity or less,

wherein the allowable velocity pattern calculation part uses an acceleration
characteristic of a motor depending on velocity of the vehicle when calculating at least the
powering pattern, which is the acceleration characteristic of the motor maintained or reduced

by a torque as a rotational speed of the motor becomes a higher rotational speed.

8. A program causing a computer of a vehicle control device to function as an allowable
velocity pattern calculation means configured to calculate a powering pattern representing
velocity of a vehicle at each position of a powering interval in a braking delay period between
a timing at which the vehicle exceeds allowable velocity and a braking timing at which the
vehicle starts to brake, and a coasting pattern representing velocity of the vehicle at each
position of a coasting interval subsequent to the powering interval in the braking delay period
based on a braking pattern after calculating the braking pattern representing velocity of the

vehicle in a braking interval, which is a running interval subsequent to the coasting interval
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and which occurs between a position of the vehicle at the braking timing and a target position
for controlling the vehicle to run at predetermined velocity or less, wherein an acceleration
characteristic of a motor depending on velocity of the vehicle, which is the acceleration
characteristic of the motor maintained or reduced by a torque as a rotational speed of the

motor becomes a higher rotational speed, is used to calculate at least the powering pattern.



